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New  York  Cooperative  Fish  and  Wildlife  Research  Unit 
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Abstract.  Meadow  voles  (Microtus  pennsylvankus),  pine  voles  (M.  pinetoruni),  and 
montane  voles  (M.  montanus)  cause  significant  economic  damage  in  apple  orchards 
throughout  the  eastern  United  States  and  in  a  few  northwestern  states  where  apples  are 
grown  commercially.  By  girdling  the  bark  and  roots,  these  rodents  kill  trees,  reduce 
yields,  and  prolong  the  time  for  new  plantings  to  come  into  production.  We  describe  the 
identification,  ecology,  and  behavior  of  voles  in  apple  orchards,  evaluate  the  types,  extent, 
and  magnitude  of  losses  inflicted  by  these  pests,  and  describe  measures  for  reducing 
damage.  Effective  control  requires  a  species-specific  program  that  integrates  cultur^ 
and  chemical  strategies  aimed  at  reducing  invasion,  reproduction,  and  survivfiJ  of  voles 
in  apple  orchards.  Frequent,  close  mowing  of  ground  vegetation  dining  the  growing 
season  and  establishing  a  vegetation-fi:^  zone  under  the  canopy  of  orchard  trees  reduces 
carrying  capacity  for  vole  populations.  Periodic  inspection  for  signs  of  reinvasion  or 
repopulation  allows  application  of  controls  before  vole  populations  increase  and 
significant  damage  occurs.  When  pest  populations  build  up,  toxic  baits  quickly  provide 
cost-effective  reduction.  Proper  selection,  timing,  and  application  is  essential  for 
obtaining  best  results  with  rodenticides. 

Key  words:  Animal  damage  control,  apples,  firuit,  orchards,  girdling,  Microtus,  voles, 
field  mice. 


Voles  are  microtine  rodents,  a  large  group  dis¬ 
tributed  widely  in  Europe,  Asia,  and  North  Amer¬ 
ica.  There  are  71  species  of  voles  and  lemmings 
worldwide,  and  23  species  in  North  America  (Hoff¬ 
mann  and  Koeppl  1985).  In  the  western  hemi¬ 
sphere,  voles  can  be  foimd  from  Central  America 
to  the  high  arctic  and  firom  sea  level  to  alpine 
forests  and  meadows.  Microtines  reach  their  great¬ 
est  densities  in  temperate  grasslands  and  arctic 
meadows. 

Three  species  of  voles  cause  significant  eco¬ 
nomic  damage  by  feeding  on  apple  trees  (Malus 
domestica)  in  commercial  orchards.  Meadow  voles 
{Microtus  pennsylvanicus),  the  most  widespread  of 


^  Present  address:  U.S.  Department  of  Agriculture,  Denver 
Wildlife  Research  Center,  EO.  Box  10880,  Hilo,  Hawaii 
96721. 


North  American  voles,  occur  throughout  most  of 
the  northern  United  States  in  habitats  that  range 
from  low  moist  swamps  and  fields  to  high  grass¬ 
lands  and  forests.  Pine  voles  (M.  pinetorum)  are 
restricted  to  the  eastern  half  of  the  United  States 
in  a  variety  of  habitats.  Both  meadow  and  pine 
voles  are  major  pests  in  apple  orchards  throughout 
the  eastern  half  of  the  country.  Montane  voles  (M. 
montanus)  are  foimd  primarily  in  valleys  and 
grassy  meadows  of  the  mountainous  Great  Basin 
and  are  of  concern  to  orchardists  in  valleys  of  the 
Columbia  River  and  its  tributaries  in  eastern 
Washington  state. 

We  describe  the  identification,  ecology,  and  be¬ 
havior  of  voles  in  apple  orchards,  evaluate  types, 
extent,  and  magnitude  of  losses  inflicted  by  these 
pests,  and  describe  available  measures  for  reduc¬ 
ing  damage  by  voles. 
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Biology 

Identification 

Names  of  voles  and  other  mammals  discussed 
follow  the  nomenclatural  summary  of  Banks  et  al. 
(1987).  Adult  meadow  voles,  sometimes  referred  to 
m  meadow  mice  or  field  mice,  have  relatively  long 
for  that  is  dark  brown  mixed  with  black  on  the  back 
and  duslQr  gray  on  the  belly  (Fig.  1).  Long  guard 
hairs  interspersed  with  denser,  softer  underfur  give 
the  pelage  a  coairse  texture.  The  feet  and  tail  are 
dus^  above  and  pale  below,  and  the  tail  is  indis’ 
tinctly  bicolored.  Mature  meadow  voles  weigh  28.0 
to  70.0  g  (1.0  to  2.5  ounces)  and  vary  in  length 
(snout  to  tail  tip)  from  124  to  196  mm  (4.9  to 
7.7  inches).  Tail  length,  which  is  more  than  twice 
the  length  of  the  hind  foot,  readily  distinguishes 
them  from  pine  voles.  Newborns  are  naked  and 
have  dark-pigmented  back  skin  and  pink  under¬ 


sides.  At  9  or  10  days  of  age  meadow  voles  acquire 
juvenile  pelage,  when  the  pink  skin  becomes  hidden 
as  dark  fur  covers  the  body.  Adult  pels^  is  acquired 
after  about  8  weeks  of  age. 

Adult  pine  voles,  also  known  as  pine  mice  and 
woodland  voles,  can  be  distinguished  easily  from 
adult  meadow  voles  in  smaller  size,  reddish-brown 
to  chestnut-brown  coat  color,  and  anatomical  fea¬ 
tures  adapted  to  subterranean  life  (Fig.  2).  These 
adaptations  include  stocky  body  shape,  small  eyes 
and  ears,  short,  soft  fur  lacking  guard  hairs,  and 
tail  length  less  than  hind  foot  length.  Mature  pine 
voles  weigh  22  to  37  g  (0.8  to  1.3  ounces)  and  meas¬ 
ure  88  to  132  mm  (3.5  to  5.2  inches)  firom  snout  to 
tail  tip.  Adults  are  dull  chestnut  above,  paler  on 
the  sides,  and  silvery  to  slate  gray  on  underparts. 
Winter  pelage  is  darker  than  that  of  summer 
(Hamilton  1938).  Like  meadow  voles,  pine  voles  go 
through  juvenile  and  postjuvenile  molts  before  ac¬ 
quiring  adult  pelage. 


Fig.  1.  Meadow  vole,  permayUxtnicus; 

shading  on  map  inset  represents 
geographic  distribution  in  Alaska  and 
the  conterminous  United  States. 


Fig.  2.  Pine  vole,  Microtus  pinetorum; 
shading  on  map  inset  represents 
geographic  distribution. 
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Fig.  3.  Montane  vole,  Microtus  montanus; 
shading  on  map  inset  represents 
geographic  distribution. 


Adult  montane  voles  are  grayish  brown  to  black¬ 
ish  above  and  whitish  on  the  belly  (Fig,  3).  The 
nose  and  ears  are  frequently  darker  than  the  rest 
of  the  body.  The  feet  are  usually  dusky.  Most  indi¬ 
viduals  have  a  nearly  uniformly  colored  tail,  al¬ 
though  some  have  a  more  or  less  bicolored  tail  that 
is  dark  brown  to  buff  gray  above,  sometimes  with 
a  reddish  tinge,  and  dark  gray  beneath.  Matine 
montane  voles  weigh  28.0  to  85.0  g  (1.0  to 
3.0  oimces)  and  measure  132  to  206  TTim  (6.2  to 
8.1  inches)  from  snout  to  tail  tip.  The  tail  length 
usually  is  less  than  one-third  of  the  length  of  the 
head  and  body.  Table  1  outlines  some  major  iden¬ 
tification  and  ecological  characteristics  distin- 
g^uishing  meadow,  pine,  and  montane  voles. 

Niche  Separation  Within  Orchards 

Meadow  voles  and  pine  voles  inhabit  the  same 
orchards  throughout  much  of  the  eastern  United 
States,  although  the  two  species  seem  to  prefer 
slightly  different  types  of  orchards  (Stockrahm 
1985).  Meadow  voles  are  associated  with  grassy 
orchcurds  with  abundant  vegetative  cover  or 
ground  litter.  Meadow  vole  populations  usually 
increase  dramatically  in  poorly  managed  or  aban¬ 
doned  orchards  that  have  rank  growth  of  grasses. 
Pine  voles  also  seek  areas  with  dense  groxmd  cover, 
but  prefer  broad-leafed  plants  rather  than  grasses. 
Pine  voles  occur  most  often  in  older  orchards  ex¬ 
tensive  canopies  shading  the  ground. 

Meadow  voles  are  most  active  above  the  ground, 
as  evidenced  by  surface  trails  through  the  vegeta¬ 
tion.  These  runways  are  2.5  to  5.0  cm  (1  to 
2  inches)  wide  and  are  often  littered  with  top¬ 
pings  and  grass  cuttings.  Meadow  voles  usually 


build  their  intricate  grass  nests  on  the  ground 
surface,  but  occasionally  they  occupy  the  under¬ 
ground  burrows  of  other  animals. 

Pine  voles  spend  much  time  in  underground 
burrow  systems  7.5  to  10.0  cm  (3  to  4  inches)  deep, 
and  in  extensive  subsurface  trail  systems  3  to  6  cm 
(1  to  2  inches)  beneath  the  litter  layer  or  ground 
surface.  Compared  with  those  of  meadow  voles, 
trails  used  by  pine  voles  are  small  and  usually  kept 
clean  of  grass  cuttings  and  other  debris.  Pine  vole 
trails  typically  measure  about  1.9  to  2.5  cm  (0.75 
to  1.0  inches)  wide.  Openings  to  the  surface  from 
underground  tunnels  and  dirt  piles  excavated  from 
burrows  also  attest  to  the  presence  of  pine  voles. 
Pine  voles  frequently  build  their  nests  near  the 
bases  of  trees  at  a  depth  of  7.5  to  30.0  cm  (3.0  to 
11.8  inches)  below  the  surface  of  the  ground. 

The  distributions  of  meadow  voles  and  montane 
voles  overlap  extensively  in  the  western  United 
States,  but  social  interactions  and  divergent  habi¬ 
tat  preferences  reduce  competition  between  these 
species  (Koplin  and  Hoffmann  1968;  Stoecker 
1972;  Douglass  1976).  Meadow  voles  rarely  are 
found  in  western  apple  orchards,  where  montane 
voles  are  the  primary  microtine  pest.  Occasionally 
longtail  voles  (M.  hrigicaudus)  damage  apple  trees 
(M.  Godfrey,  Wildlife  Consultants,  Inc.,  Des 
Moines,  Iowa,  personal  communication).  Northern 
pocket  gophers  (Thomomys  talpoides)  ^so  inhabit 
western  orchards  and  girdle  roots  of  apple  trees 
extensively.  Fan-shaped  mounds  of  dirt  excavated 
firom  imderground  tunnels  distinguish  the  pres¬ 
ence  of  pocket  gophers. 

Montane  voles  build  subterranean  nests  and 
also  utilize  underground  burrows  of  pocket  gophers 
and  other  species  (Jannett  1982).  Montane  voles 
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Table  1.  Distinguishing  characteristics  of  meadow  vole  (Microtus  pennsylvanicus),  pine  vole 

(M.  pinetorum),  and  montane  vole  (M.  montanus). 

Characteristic  Meadow  vole  Pine  vole  _ Montane  vole _ 


Length  (head  and  body) 
Tail  length 

Adxiltfur 

Eye  size 
Ear  appearance 
Nest  placement 


Sociality 


Food 

Damage 


90-126  mm  (3.6-5  inches) 

36-66  mm  (1.4-2.6  inches) 
at  least  twice  the  length 
of  the  hind  foot 


70-106  mm  (2.8-4,2  inches) 

16-26  mm  (0.6- 1.0  inches), 
less  than  or  equal  to  the 
length  of  the  hind  foot 


Coarse,  dark  brown  mixed 
with  black 

Large 

Large 

Usually  abovegroimd,  but 
occasionally  in  shallow 
burrows 


Soft,  auburn,  lacking  guard 
hairs 

Small 

Inconspicuous 

In  burrows,  usually  less 
than  30  cm  (1  foot)  deep 


Females  maintain  exclusive 
territories  during  breeding 
season,  males  mobile; 
social  during  winter 

Grasses,  sedges,  seeds, 
grain,  bark,  some  insects 

Girdle  tree  trunks  at  or 
near  ground  surface; 
may  girdle  higher  under 
cover  of  snow;  sometimes 
damage  roots 


Family  units  maintain 
year-round  exclusive 
territories 

B\ilbs,  tubers,  seeds,  bark 
Girdle  crown  and  roots 


102-140  mm  (4-6.6  inches) 

30-66  mm  (1.2-2.6  inches), 
at  least  twice  the  length  of 
the  hind  foot 

Coarse,  grayish  brown  to 
black 

Large 

Inconspicuous 

In  burrows 


Both  sexes  maintain 
separate  territories  during 
breeding  season;  social 
during  winter 

Grasses,  sedges,  seeds, 
grain,  bark,  some  insects 

Girdle  trees  both  above  and 
below  the  ground  surface; 
damage  may  extend  higher 
under  cover  of  snow 


spend  most  of  their  time  underground  during  late 
spring  and  summer  to  avoid  heat,  but  probably  feed 
aboveground  more  during  wet  and  cool  times  of  the 
year  (L.  Askham,  Washington  State  University, 
Pullman,  Wash.,  personal  communication). 

Activity  Cycles 

Voles  spend  much  time  seeking  food  to  support 
their  high  metabolism.  They  remain  active 
throughout  the  year,  (i.e.,  they  neither  hibernate 
nor  estivate),  although  activity  varies  seasonally, 
especially  in  areas  that  have  extreme  seasonal 
variations  in  climate.  In  severe  northern  climates, 
voles  cache  food  for  use  during  winter  and  conserve 
heat  by  living  in  communal  nests  (Hatt  1930;  Web¬ 
ster  and  Brooks  1981;  Madison  1984;  Madison 
et  al.  1984).  Considerable  movement  occurs  under 
protective  snow  cover  (Madison  et  al.  1984).  Dur¬ 
ing  hot  summer  months,  voles  avoid  high  surface 
temperatures  by  diminishing  movement  away 
from  the  nest  and  confining  activity  to  early  morn¬ 
ing  and  evening  (Fitch  1954;  Benton  1965;  Getz 
1961;  Gentry  1968;  Paul  1970).  » 

Voles  are  usually  most  active  at  dawn  and  dusk 
(Hamilton  1937;  Paul  1970),  although  they  maybe 


about  at  any  time  of  the  day  or  night  (Johnson  and 
Johnson  1982).  Factors  such  as  season,  weather, 
snow  cover,  predation,  and  local  habitat  conditions 
imdoubtedly  influence  diurnal  activity.  Voles  iypi- 
cally  leave  their  nest  every  2-4  h  to  forage  and  for 
other  activities.  However,  individuals  in  a  popula¬ 
tion  may  not  be  synchronously  active  (Ambrose 
1973;  Madison  1985). 

Reproduction  and  Life  Span 

Voles  are  short-lived,  prolific  animals.  Although 
individuals  rarely  live  more  than  a  year  ((3etz 
1960;  (Sourley  1983;  Anthony  et  al.  1986),  their 
populations  have  astonishing  potential  for  increas¬ 
ing  rapidly.  The  periodic  buildup  and  decline  of 
rodent  populations,  including  the  extremes  shown 
by  arctic  lemmings,  have  long  intrigued  biologists 
(Piper  1909;  Elton  1942;  Pitelka  1957;  Chitty  1960; 
Hestbeck  1986). 

Reproduction  occurs  in  any  season  (Benton 
1965;  Horsfall  1963;  Goertz  1971;  Jannett  1984), 
but  is  usually  limited  to  times  when  food  is  abun¬ 
dant  and  climatic  conditions  are  favorable  (Ham¬ 
ilton  1938;  Cengel  et  al.  1978;  Batzli  1986),  Studies 
have  demonstrated  the  importance  of  green  plant 
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tissue  (Negus  and  Berger  1977;  Negus  et  al.  1977), 
specifically  the  compound  G-methojQrbenzoxazoli- 
none  (Berger  et  al.  1981, 1987;  Sanders  et  al.  1981; 
Kom  and  Taitt  1987),  for  stimulating  voles  to 
breed.  Reproductive  activity  typically  reaches  a 
peak  in  spring,  summer,  and  fall  (Benton  1965; 
Horsfall  1963;  Miller  and  Getz  1969;  Valentine  and 
Kirkpatrick  1970;  Cengel  et  al.  1978;  Anthony 
etal.  1986),  but  in  some  areas  decreases  during  hot 
summers  (Goertz  1971). 

Meadow  voles  are  promiscuous  breeders  (Madi¬ 
son  1980;  Webster  and  Brooks  1981;  Oliveras  and 
Novak  1986).  Among  reproductively  active  indi¬ 
viduals,  home  ranges  of  males  are  larger  than  those 
of  females  and  typically  overlap  the  ranges  of  other 
reproductively  active  voles  of  both  sexes  (Ostfeld 
et  al.  1988).  Females,  however,  maintain  breeding 
territories  that  are  mutually  exclusive  from  those 
of  other  reproductively  active  females.  Females 
reach  sexual  maturity  as  early  as  3  weeks  of  age 
and,  after  a  gestation  period  of  21  days,  they  give 
birth  to  litters  that  average  four  to  seven  yoimg 
(Dobson  and  Meyers  1989;  McShea  and  Madison 
1989).  Some  litters  have  been  known  to  contain  as 
many  as  12  pups  (Johnson  and  Johnson  1982).  Fe- 
mcdes  may  give  birth  to  a  second  litter  as  soon  as 
21  days  after  birth  of  the  first  litter  (McShea  and 
Madison  1989).  Captive  meadow  voles  have  pro¬ 
duced  as  many  as  17  litters  in  1  year  (Bailey  1924), 
although  3-4  litters  per  year  is  probably  more  com¬ 
mon  in  the  wild  (Burt  and  Grossenheider  1976). 

The  mating  system  of  montane  voles  is  variable; 
it  encompasses  facultative  monogamy  at  low  popu¬ 
lation  density  and  polygyny  (i.e.,  males  mate  with 
more  than  one  female)  at  high  density  (Jannett 
1977,  1982).  Females  apparently  nest  with  only 
one  male;  home  ranges  of  territorially  dominant 
males  overlap  those  of  one  or  more  females  (Jan¬ 
nett  1977).  Average  litter  size  varies  between  five 
and  seven  young  (Negus  and  Pinter  1965;  Hasler 
1976;  Innes  1978).  Females  can  produce  litters  at 
21-day  intervals  (Jannett  1977). 

Pine  voles  have  a  lower  reproductive  rate  than 
most  other  voles,  perhaps  as  an  adaptation  to  their 
relatively  secure  subterranean  lifestyle.  Pine  voles 
take  longer  to  reach  reproductive  maturity,  have  a 
longer  gestation  period,  and  give  birth  to  smaller 
litters.  Pine  voles  rarely  breed  before  they  are 
4  weeks  of  age  (Schadler  and  Butterstein  1979; 
Gourley  1983;  Anthony  et  al.  1986),  and  females 
gestate  about  24  days  before  giving  birth  to  two  or 
three  young  (Hamilton  1938;  Goertz  1971;  Anthony 
et  al.  1986). 


Social  Behavior 

The  social  behavior  of  meadow  voles  varies  sea¬ 
sonally  (Madison  and  McShea  1987).  During  the 
breeding  season,  contact  among  adults  is  minimal 
except  in  males  competing  for  access  to  estrous 
females  (Madison  et  al.  1984).  Males  take  little  part 
in  rearing  offspring  (Oliveras  and  Novak  1^). 
During  winter,  animals  become  more  tolerant  and 
live  in  communal  groups  comprising  as  many  as 
seven  individuals  (Madison  et  al.  1984). 

Except  for  courtship  and  mating,  male  and  female 
montane  voles  interact  little  during  the  breeding 
season.  Both  sexes  defend  territories  against  intru¬ 
sion  by  others  of  the  same  sex  (Jannett  1977, 1980; 
McGuire  and  Novak  1986).  Members  of  a  breeding 
pair  occupy  separate  nests  during  the  breeding 
season  (Jannett  1977,  1982)  but  may  share  living 
quarters  during  the  nonbreeding  season  (Madison 
1984).  Paternal  care  of  yoxmg  is  essentially  nonex¬ 
istent  (McGuire  and  Novak  1986).  FemEdes  may 
have  extended  families  that  include  the  young 
finm  one  or  more  litters  (Jannett  1977). 

In  contrast  to  most  voles,  pine  voles  live  in 
extended  family  units  that  maintain  exclusive  ter¬ 
ritories  all  year  (RenzuUo  and  Richmond  1982). 
Each  group  typically  consists  of  a  pair  of  breeding 
adults  and  two  to  four  offspring,  although  occasion¬ 
ally  more  than  one  reproductively  active  male  is 
included  (FitzGerald  and  Madison  1983;  Oliveras 
and  Novak  1986).  Males  assist  in  building  and 
maintaining  nests  and  tunnels,  but  females  handle 
most  other  duties  of  raising  litters. 

Feeding  Behavior  In  Apple 
Orchards 

Diet 

Preferred  foods  for  voles  usually  are  charac¬ 
terized  by  high  water  or  energy  content,  or  pres¬ 
ence  of  specific  nutrients,  such  as  nitrogen,  cal¬ 
cium,  phosphorus,  and  sodium  (Meade  1975; 
Broo^  and  Struger  1984;  Batzli  1985).  Meadow 
voles  forage  almost  exclusively  abovegroimd  on 
fresh  leaves  and  stems  of  a  wide  variety  of  grasses 
and  broadleaf  plants  (Batzli  1985).  Pine  voles  feed 
mostly  below  the  surface  on  tubers,  roots,  and 
underground  stems  (Hatt  1930;  Benton  1965; 
Cengel  et  al.  1978).  All  three  species  of  voles  eat 
fi-uit  when  it  is  available  and  also  take  seeds, 
woody  materials,  and  bark  when  green  foods  are  of 
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low  quality  or  in  short  supply.  During  fall,  voles 
collect  and  store  fruits,  stems,  leaves,  and  under- 
groimd  roots  and  btdbs  of  numerous  plants  for  use 
during  winter  (Hamilton  1938;  Gates  and  Gates 
1980).  These  caches,  sometimes  measuring  up  to  a 
gallon  in  volume  Hamilton  1938),  formerly  were 
robbed  by  native  Americans  for  food  during  winter 
(Bailey  1924). 

Damage  to  Apple  Trees 

When  preferred  foods  are  scarce,  as  in  winter, 
voles  may  gnaw  the  trunks  and  roots  of  apple  trees 
for  the  underlying  phloem  and  cambium  tissue. 
The  resulting  damage  interferes  with  subsequent 
transport  of  nutrients  and  photosynthate  between 
the  roots  and  aerial  portion  of  the  tree,  and  in¬ 
creases  the  chances  of  infection  by  root  pathogens 
(Byers  1984).  Damage  by  voles  is  most  severe 
during  long,  harsh  winters,  when  alternative  foods 
are  scarce.  Prolonged  snow  cover  insulates  voles 
from  inclement  weather,  protects  them  from 
predators,  and  allows  extensive  girdlingof  the  tree 
cambium.  Damage  that  occurs  belowgroimd  or  un¬ 
der  snow  often  escapes  notice  until  the  tree  dies  or 
is  irreversibly  damaged. 

Meadow  voles  eat  the  bark  of  trees  above 
groimd  surface  and,  where  snow  cover  allows 
(Fig.  4),  damage  may  extend  more  tham  a  foot 
(0.3  m)  up  the  trunk  (Silver  1924;  Caslick  and 
Decker  1978).  In  contrast,  pine  voles  girdle  the 
crown  and  roots  of  trees  at  or  below  the  surface  of 
the  ground.  Montane  voles  girdle  both  above¬ 
ground  bark  and  roots  (Godfrey  1987).  In  trees 
with  severe  root  damage,  sometimes  all  rootlets 
and  smaller  ^ncil-sized)  roots  are  completely 
eaten  or  removed;  the  taproot  may  appear  as 
though  it  were  sharpened  in  a  pencil  sharpener 
(Hamilton  1938;  Richmond  et  al.  1987).  Sublethal 
symptoms  of  root  girdling  in  orchard  trees  may 
include  one  or  more  of  the  following:  abnormally 
yellowish  leaf  color  (Fig.  5),  pinkish  bark  (from 
reduced  nitrogen  uptake),  overall  poor  tree  vigor, 
reduced  fruit  yield,  and  prolonged  time  required 
for  newly  planted  trees  to  come  into  production 
(Pearson  1976). 

Ekx>nomic  losses  firom  vole  damage  to  apple  trees 
are  difficult  to  estimate.  Differences  among  varie¬ 
ties  and  ages  of  trees,  changing  market  prices  and 
production  costs,  varying  land  values,  difficulty  in 
quantifying  effects  of  vole  girdling  and  calculating 
replacement  costs  all  complicate  the  task  of  meas¬ 
uring  losses.  Nonetheless,  such  losses  have  been 
documented.  Byers  (1974)  estimated  that  5.6%  of 


Fig.  4.  An  apple  tree  girdled  by  meadow  voles. 

the  market  value  of  apples  grown  in  the  United 
States  was  lost  to  pine  vole  damage,  resulting  in 
annual  losses  of  $40  million.  An  early  report  (Silver 
1924)  described  an  orchard  near  New  York  City  in 
which  voles  caused  a  $10,000  tree  loss.  Phillips 
et  al.  (1987)  surveyed  apple  growers  in  the  mid- 
Hudson  Valley  of  New  York  and  estimated  that  total 
costs  associated  with  application  of  vole  control 
measures,  replacement  of  trees  killed  by  voles,  and 
reduced  production  of  trees  damaged  by  voles  aver¬ 
aged  $444ia  ($108^acre)  per  year. 

A  few  investigators  have  attempted  to  measure 
the  effects  of  vole  activity  on  the  growth  and 
productivity  of  apple  trees.  Pearson  and  Forshey 
(1978)  found  that  McIntosh,  Red  Delicious,  and 
Rome  Beauty  apple  trees  girdled  by  voles  had 
36-59%  less  terminal  shoot  growth  than  nonin- 
jured  trees.  Forshey  et  al,  (1984)  studied  confined 
populations  of  pine  voles  and  estimated  that,  in 
10-year-old  McIntosh  trees,  damage  of  high  popu¬ 
lation  levels  reduced  terminal  shoot  growth  by 
92%,  total  leaf  area  by  73%,  and  crop  yield  by  65%. 
Moreover,  58%  of  the  apples  produced  were  under- 


Fi^.  5.  Apple  tree  (^)  girdled  by  pine  voles.  Note  the  pale  leaves  and  sparse  foliage. 


sized.  Richmond  et  al.  (1987),  reporting  on  the 
same  study,  estimated  that  pine  voles  caused  a 
78%  reduction  in  crown  bark  weight  and  a  56% 
loss  of  fibrous  roots.  Overall,  Forshey  et  al.  (1984) 
estimated  losses  at  $6,77£^a  ($2,74yacre).  Ask- 
ham  (1988)  attributed  a  86%  loss  in  production  in 
a  Washington  State  apple  orchard  to  damage  by 
montane  voles  and  estimated  losses  at  $7,5(XVha 
($30^acre)  in  the  first  year  of  study. 

Control 

Cultural  and  direct  lethal  measures  have  been 
employed  to  control  troublesome  populations  and 
make  the  orchard  a  less  hospitable  environment  for 
voles  (Silver  1924;  Hatt  1930;  Eadie  1961;  Byers 
1986a). 

Cultural  Techniques  and  Orchard 
Management 

The  fecundity  and  mobility  of  voles  enable  them 
to  repopulate  orchards  rapidly  (Horsfall  1964;  Van 


Vleck  1968).  Miller  and  Richmond  (1983)  trapped 
out  all  voles  firom  an  orchard  block  in  eastern  New 
"fork  during  late  fall  and  monitored  reinvasion 
during  the  subsequent  spring,  summer,  and  fall; 
twice  as  many  trees  were  infested  by  voles  at  the 
end  of  the  study  than  before  the  trapout  (Fig.  6). 
Control  programs  should  focus  on  altering  the 
orchard  environment  and  reducing  its  potential  for 
attracting  and  supporting  vole  populations. 

For  the  orchardist,  groimd  vegetation  is  the 
most  important  manageable  variable  affecting 
vole  survival  and  reproduction;  it  provides  food, 
concealment  from  predators,  protection  from  im- 
favorable  weather,  and  opportunities  for  repro¬ 
duction.  Ground  vegetation  reduces  soil  compac¬ 
tion  and  erosion  and  provides  protection  from 
vehicular  traffic,  but  it  also  competes  with  trees 
for  water  and  nutrients,  harbors  insect  pests,  and 
provides  food  and  shelter  for  voles  (Forshey  1986). 
A  cover  crop  is  necessary  in  most  orchards,  but  it 
must  be  managed  carefully  to  minimize  its  suit¬ 
ability  as  vole  habitat.  To  reduce  vole  problems, 
growers  maximize  benefits  and  minimize  liabili¬ 
ties  of  orchard  cover  crops  by  maintaining  a  vege- 
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WEEKS  POST-TRAPPING 


Fig.  6.  Rate  of  pine  vole  reinvasion  of  an 
apple  orchard  in  eastern  New  York 
(data  from  Miller  and  Richmond  1983). 


tation-free  zone  under  the  tree  canopy  and  mow¬ 
ing  grass  alleys  between  the  rows  of  trees. 

A  vegetation-free  zone  under  the  orchard  can¬ 
opy  discourages  voles  from  living  near  the  bases  of 
trees,  where  they  cause  the  most  damage  (Hohn 
et  al.  1959;  Davis  1976;  Sullivan  and  Hogue  1987). 
For  new  plantings,  growers  clear  either  a  4-foot 
diameter  circle  around  individual  trees  or  a  4-foot 
strip  along  each  row  of  trees  (Caslick  and  Decker 
1978).  The  cleared  area  is  enlarged  as  the  trees 
grow  (Fig.  7).  Gravel  or  cinders  are  spread  on  the 
ground  to  depress  new  vegetative  growth,  al¬ 
though  care  is  taken  not  to  expose  previously  cov¬ 
ered  bark,  which  is  highly  susceptible  to  winter 
injury 

Frequent  close  mowing  of  orchard  groimd  cover 
is  one  of  the  best  procedures  for  reducing  vole 
damage  (Byers  1985a;  Godfrey  1987).  Mowing  re¬ 
duces  competition  for  water  and  nutrients  and 
discourages  voles  from  residing  in  the  orchard. 
Orchards  should  be  mowed  as  closely  as  possible 
in  early  spring  and  thereafter  as  often  as  growing 
conditions  dictate  (three  or  more  mowings  in  some 
areas).  Too  much  delay  between  mowings  results 
in  excessive  vegetation  which,  when  cut  (especially 
with  a  sickle-bar  mower),  forms  a  thatch  layer  that 
protects  voles.  A  flail  or  rotary  mower  is  preferred 
to  reduce  thatch. 

Plant  growth  regulators  might  have  potential 
for  reducing  the  frequency  with  which  mowing  is 
required  or  for  retarding  growth  where  mowing*  is 
not  practical.  In  a  recent  study  in  an  eastern  Wash¬ 


ington  apple  orchard  (Godfrey  1987),  a  single  ap¬ 
plication  of  Embark  (diethanolamine  salt  of  meflu- 
idide)  reduced  late  summer  vindergrowth  more 
than  70%  within  10  weeks. 

Some  investigators  have  demonstrated  adverse 
effects  of  toxic  or  low  quality  forage  on  vole  growth, 
reproduction,  and  survival  (Jones  1978;  Lewis 
et  al.  1983;  Batzli  1985,  1986;  Jean  and  Bergeron 
1986;  Marquis  and  Batzli  1989).  However,  the  util¬ 
ity  of  such  plants  as  orchard  groimd  covers  is 
inconclusive. 

Growth  form  is  perhaps  the  most  important 
consideration  in  selecting  ground  cover  plants  un¬ 
favorable  to  voles  (Baker  and  Brooks  1982),  One 
study  in  New  York  demonstrated  that  vole  activity 
increased  with  ground  cover  density,  and  that  little 
activity  occurred  below  a  density  of  40%  coverage 
(S.  Cantor,  Cornell  University,  Ithaca,  N.Y.,  per¬ 
sonal  communication).  Dense  ground  covers  that 
mat  and  form  a  continuous  canopy,  such  as  fescue 
(Festuca  sp.)  and  ryegrass  (Lolium  sp.),  support 
high  vole  populations  (Brooks  and  Struger  1984). 
On  the  other  hand,  plants  with  erect,  bunch-type 
growth  do  not  mat  or  lodge,  providing  little  protec¬ 
tive  cover  for  voles.  Nicholson  and  Richmond 
(1984)  suggested  buffalograss  (Buchloe  dactyloi- 
des),  blue  grama  (Bouteloua  gracilis),  curly  mes- 
quite  (Hilaria  belangeri),  plains  reedgrass  (Calam- 
agrostis  montanensis),  and  several  dwarf  fescues 
{Festuca  spp.)  as  potential  ground  covers  that 
reach  a  short  mature  height,  with  reduced  mowing 
requirements  and  increased  light  penetration  at 
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Fig,  7.  Vegetation>£ree  zone  under  the  canopy  dripline  discourages  voles  from  living  near  the  bases  of  trees.  Note 
short,  sparse  vegetation  between  tree  rows. 

ground  level.  Preliminary  field  trials  in  eastern  inch)  -mesh  galvanized  hardware  cloth  (Caslick 
Washington  also  have  identified  several  dwarf  fes-  and  Decker  1978)  or  plastic  mesh  (Pauls  1986) 
cues  as  potentially  suitable  for  reducing  vole  popu-  placed  around  each  tree  and  set  about  10  cm 
lations  in  orchards  (L.  Askham,  Washington  State  (4  inches)  into  the  ground  forms  an  effective  bar- 
University,  personal  communication).  rier  (Fig.  8).  Tree  guards  should  be  large  enough 

Voles  also  lose  favorable  conditions  if  grounds  to  allow  for  5  years  of  growth  and  should  extend 
are  maintained  neatly  and  apple  drops,  fallen  above  snow  level.  Rolled  roofing,  aluminum  foil, 
leaves,  prunings,  and  other  debris  are  removed  sheet  metal,  and  plastic  spiral  wraps  also  have 
from  the  orchard  floor.  In  particular,  prunings  left  been  used  as  tree  guards,  although  none  of  these 
in  the  orchard  prevent  proper  mowing  and  provide  is  as  effective  as  galvanized  hardware  cloth 
an  interim  food  source  for  voles  and  rabbits,  which  (Caslick  and  Decker  1978).  A  short  life  span,  diffi- 
later  may  eat  live  trees.  Well-traveled  roads,  mov-  culty  in  forming  a  permanent,  tight  seal,  and  har¬ 
ing  streams,  and  buffers  of  cleared  ground  or  borage  of  insect  pests  are  major  drawbacks  to 
mowed  vegetation  around  the  perimeter  of  or-  many  of  the  alternative  tree  guards, 
chards  slow  reinvasion  by  voles  firom  surrounding  Creosote  oil-coal  tar  mixtures,  lime-sulphur 
areas  (Horsfall  1964).  solutions,  and  other  concoctions  were  once  com- 

FVotective  guards  placed  around  the  bases  of  mon  treatments  to  be  applied  directly  to  the  bark 
trees  preclude  girdling  of  tree  trunks  by  meadow  of  trees  to  deter  girdling  by  voles  (Silver  1924; 
voles,  but  not  girdling  of  roots  by  pine  voles  and  Hatt  1930).  However,  such  repellents  may  injure 
montane  voles.  A  cylindrical  piece  of  1-cm  (0.5-  trees  and  rarely  remain  effective  for  the  entire 
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Fi|f.  8.  PlaBtic  mesh  <ylinder  prevents  meadow  voles 
from  girdling  the  trunks  of  trees. 

winter  (Eadie  1960).  Thus,  their  use  has  declined. 
Capsaicin  (derived  from  hot  peppers)  and  thiram 
(tetramethylthi\iram  disulfide)  currently  are  reg¬ 
istered  as  dormant  season  repellents  for  protect¬ 
ing  finit-beeuring  trees  from  deer,  rabbits,  and 
voles.  However,  little  has  been  done  to  evaluate 
their  efficacy  against  voles  in  orchards.  Thiram 
repelled  captive  voles  under  experimental  condi¬ 
tions  (Luke  and  Snetsinger  1976;  Swihart  1990). 
Methiocaib  (a  carbamate  compound)  and  quebracho 
(a  condensed  tannin)  are  two  experimental  repel¬ 
lents  that  also  have  reduced  girdling  by  captive 
voles  (Swihart  1990).  Predator  odors  may  also  be 
effective  vole  repellents.  Sullivan  et  al.  (1988a, 
1988b)  reduced  vole  activity  in  apple  orchards  by 
placing  compoimds  from  the  anal  glands,  feces, 
and  urine  of  ermines  (Mustela  erminea)  and  red 
foxes  (yUlpes  uulpes)  in  slow-release  capillary 
tubes  at  the  bases  of  trees.  Using  predator  odors 
to  control  voles  is  still  in  an  experimental  stage, 
however,  and  such  products  are  not  yet  commer¬ 
cially  available. 


Development  of  vole-resistant  cultivars  and 
rootstocks  is  another  promising  avenue  for  re¬ 
search  (Byers  and  Cummins  1977;  Geyer  and 
Cummins  1980;  Wysolmerski  et  al.  1980).  One  par¬ 
ticular  rootstock,  Novole,  showed  resistance  to  gir¬ 
dling  by  captive  voles  (Cummins  et  al.  1983, 1984), 
although  these  findings  have  not  been  verified  in 
field  trials. 

Growers  sometimes  repair  girdled  trees  by 
bridge  grafting — using  a  stem  or  shoot  to  join  the 
portions  of  the  tree  above  and  below  the  damage — 
or  inarching — grafting  the  tops  of  one  or  more 
young  trees  to  the  damaged  tree  above  the  wound 
(Silver  1924;  Hatt  1930;  Hamilton  1938;  Eadie 
1961).  Grafting  is  labor-intensive,  especially  for 
older  trees,  and  may  not  be  practical  in  orchards 
with  extensive  damage.  Moreover,  voles  some¬ 
times  girdle  bridge  grafts  in  preference  to  older 
trunks. 

Monitoring  Techniques  and  Action 
Thresholds 

Even  well  managed  orchards  are  susceptible  to 
invEision  and  damage  by  voles,  and  growers  need 
reliable  monitoring  techniques  that  enable  them 
to  act  qmckly  and  reduce  troublesome  populations 
before  appreciable  damage  occurs.  The  simplest 
way  to  detect  the  presence  of  voles  is  to  observe 
runways,  burrow  openings,  girdled  trees,  or  other 
signs  of  vole  activity.  However,  although  such 
signs  may  persist,  they  can  be  misleading  because 
voles  may  have  died  or  emigrated  from  the  area. 
The  apple-slice  index  is  a  more  reliable  indicator 
of  current  vole  activity  (Byers  1976),  A  slice  or 
portion  of  apple  is  placed  in  a  nmway  or  burrow 
opening  or  imder  a  roofing  shingle,  piece  of  tar 
paper,  or  similar  cover  under  the  canopy  of  each 
tree,  and  checked  24  h  later.  The  proportion  of 
apple  slices  that  are  partly  eaten,  missing,  or 
otherwise  disturbed  by  voles  indicates  the  per¬ 
centage  of  trees  infested  by  voles. 

The  economic  threshold  for  controlling  damage 
by  voles  is  low;  the  loss  of  even  one  tree  is  costly 
and  unacceptable  if  it  can  be  prevented  (Byers 
1986a).  A  single  animal  can  cause  appreciable 
damage  or  even  loss  of  a  tree.  Thvis,  controls  should 
be  applied  wherever  voles  are  present  or  damage 
is  expected.  Many  growers  implement  preventive 
control  programs  and  regularly  apply  controls  re¬ 
gardless  of  the  level  of  vole  infestation  (Caslick  and 
Decker  1978;  Byers  1986a). 


Vole  Management  in  Fruit  Orchards  11 


Lethal  Techniques 

Rodenticides  are  an  important  and  necessary 
component  of  most  control  programs  because  they 
provide  the  quickest  and  most  practical  means  of 
controlling  large  populations  of  voles.  Several  ro¬ 
denticides  are  registered  for  control  of  voles  in 
apple  orchards  (Thble  2). 

Rodenticide  Ground  Sprays 

Rodenticides  sometimes  are  applied  as  sprays  to 
vegetation  on  the  orchard  floor.  The  voles  then 
ingest  the  toxicant  in  feeding  or  while  grooming 
themselves  after  rubbing  against  the  vegetation 
(Horsfall  1966;  Eadie  1961;  Horsfall  et  al.  1974). 
Endrin  formerly  was  used  as  a  ground  spray  in 
apple  orchards^  but  today  chlorophacinone  is  the 
only  rodenticide  registered  for  this  puipose.  Al¬ 
though  groxmd  sprays  have  been  used  effectively  to 
control  voles^  results  were  not  consistent  (Steblein 
and  Richmond  1982;  Byers  1985b).  Formulations  of 
chlorophacinone  applied  as  ground  sprays  require 
100-400  times  as  much  active  ingredient  per  acre 
as  pelleted  formulations  of  the  same  toxicant,  and 
thus  probably  are  not  cost-effective  (Byers  1985b). 

Rodenticide  Baits 

Rodenticides  for  vole  control  are  most  commonly 
applied  to  food  baits,  which  can  be  highly  effective 
when  used  properly.  Baits  that  have  received  wide 
use,  either  presently  or  in  the  past,  include  firesh 
fruits  and  vegetables  (e.g.,  apples  and  carrots), 
grains  (e.g.,  com,  oats,  and  wheat),  and  synthetic 
pellets. 

Growers  must  select  an  appropriate  type  of  bait 
to  apply.  Pelleted  baits  are  increasingly  used  to 
control  voles  in  apple  orchards.  Although  hresh 


fruits  and  vegetables  are  highly  attractive  foods  to 
voles,  their  use  is  declining  because  they  are  per¬ 
ishable  and  require  more  time  to  prepare  and 
apply.  Cracked  com,  a  widely  used  bait,  is  avail¬ 
able  commercially,  relatively  inexpensive,  easy  to 
store,  and  readily  applied  with  either  aerial  or 
mechanical  spreaders.  Unfortimately,  cracked 
com  is  one  of  the  least  effective  baits  for  controlling 
voles  (Merson  and  Byers  1981;  Byers  et  al.  1982; 
Hunter  1986;  Hunter  et  al.  1987).  Cracked  com 
baits  also  may  be  hazardous  to  pheasants  and 
other  ground-feeding  birds  (Hayne  1951).  Al¬ 
though  pelleted  formulations  of  zinc  phosphide 
and  anticoagulants  usually  are  more  e3q>ensive 
than  grain  baits,  the  increased  control  achieved 
with  these  baits  often  renders  their  use  more  cost- 
effective  (Byers  1978,  1979,  1981;  Byers  et  al. 
1982). 

Resistance  and  Bait  Shyness 

Unfortunately,  rodenticide  baits  have  not  al¬ 
ways  given  consistent  or  satisfactory  control  of 
voles  (Fisher  1976;  Byers  et  al.  1982;  Steblein 
and  Richmond  1982;  Steblein  et  al.  1983).  Many 
factors  influence  efficacy,  including  type  of  toxicant, 
attractiveness  of  the  bait  carrier,  timing  and 
method  of  application,  and  past  history  of  rodenticide 
use. 

Rodenticides  are  classified  as  either  acute  or 
chronic.  Acute  rodenticides,  of  which  zinc 
phosphide  is  the  only  one  registered  for  use  in 
apple  orchards,  are  fast-acting  poisons  that  usu¬ 
ally  require  only  a  single  feeding  to  achieve  a  lethal 
dose.  Toxicosis  occurs  within  a  matter  of  hours, 
and  a  relatively  small  amount  of  bait  usually  is 
sufficient  to  quickly  reduce  the  size  of  a  large 
population.  In  contrast,  chronic  rodenticides. 


Table  2.  Some  commercial  rodenticides  registered  for  controlling  voles  in  apple  orchards.^ 


Active  ingredient 

Hroduct 

Formulation 

FVoprietor 

Zinc  phosphide^ 

Hopkins  Zinc  Phosphide  Pellets 

Pellet 

Haco,  Inc. 

Ridall— Zinc 

Pellet 

Liphatech,  Inc. 

Vole  Bait  Containing  Zinc  Phosphide 

Granular 

R&M  Exterm  Inc. 

Zinc  Phosphide  Mouse  Bait 

Granular 

FMCCorp. 

ZP  Rodent  Bait  AG 

Pellet 

Bell  Laboratories,  Inc. 

Chlorophacinone 

Rozol  Fhraffinized  Pellets 

Pellet 

Liphatech,  Inc. 

Rozol  Rodenticide  Ground  Spray 

Emulsifiable  concentrate 

Liphatech,  Inc. 

Diphacinone 

Ramik  Brown 

Pellet 

Haco,  Inc. 

®  Rodenticide  registrations  vary  among  states,  and  it  is  best  to  check  with  local  authorities  before  applying. 
^  All  zinc  phosphide  are  restricted-use  pesticides  that  may  be  only  by  certified  pesticide  applicators. 
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which  include  most  anticoagulants,  require  multi¬ 
ple  feedings,  often  over  a  period  of  several  days, 
before  animals  consume  a  lethal  dose.  The  antico¬ 
agulant  baits  chlorophacinone  and  diphacinone 
are  commonly  used  to  control  voles  in  apple  or¬ 
chards. 

Many  rodenticides  lose  their  effectiveness  with 
repeated  and  continued  use.  After  several  genera¬ 
tions,  differential  survival  of  voles  can  lead  to  the 
development  of  populations  that  are  physiologi¬ 
cally  resistant  to  the  effects  of  the  toxicant.  The 
repeated  use  of  endrin  in  orchards  in  Maryland 
and  New  York  resulted  in  populations  that  were 
as  much  as  12  times  as  tolerant  to  the  effects  of 
this  poison  as  were  voles  firom  orchards  with  no 
history  of  endrin  use  (Webb  8m.d  Horsfall  1967; 
Forbes  1972;  Webb  et  al.  1973).  The  use  of  endrin 
for  pest  control  no  longer  is  permitted  in  the 
United  States. 

Poison  baits  also  can  lose  their  effectiveness 
when  bait  shyness  develops,  a  behavioral  process 
by  which  animals  that  ingest  sublethal  doses  learn 
to  avoid  the  bait  during  future  encoimters.  Be¬ 
cause  bait  shyness  occurs  mainly  with  acute  toxi¬ 
cants,  growers  shotild  not  apply  zinc  phosphide 
baits  more  often  than  once  every  6  months 
(Howard  et  al.  1977;  Sridhara  and  Srihari  1980). 
Growers  can  reduce  the  pest  population  with  an 
initial  application  of  a  zinc  phosphide  bait  (^ble  2), 
and  then  48  h  later  conduct  an  apple-slice  index  to 
assess  the  need  for  a  follow-up  application  with  an 
anticoagulant  bait  (Table  2).  Bait  shyness  has  not 
been  observed  with  anticoagulants,  presumably 
because  more  time  is  required  for  the  onset  of 
toxicosis. 

Application  Techniques 

Baits  most  commonly  are  broadcast  across  the 
orchard  floor  by  airplane,  tractor-mounted 
spreader,  or  hand.  Zinc  phosphide  baits  generally 
are  broadcast  at  the  rate  of  4.5-11.2  kgdia  (4- 
10  pounds  per  acre),  and  chlorophacinone  and 
diphacinone  are  broadcast  at  the  rate  of  11.2- 
22.4  kg/ha  (10-20  poimds  per  acre).  As  noted  on 
product  labels,  mowing  ground  vegetation  and  re¬ 
moving  leaves  before  application  ensures  that 
broadcast  baits  reach  the  ground  surface  where 
voles  can  find  them  (Himter  1986;  Hunter  et  al. 
1987).  To  reduce  hazards  to  nontarget  animals, 
label  instructions  prohibit  exposing  bait  on  bare 
groimd,  such  as  within  the  cleared  drip-line.  Bait¬ 
ing  ditch  banks,  fencerows,  and  noncrop  areas 


aroimd  the  perimeter  of  orchards  reduces  reinva¬ 
sion  of  voles  into  orchards. 

Pine  voles  are  not  as  active  abovegroimd  and  do 
not  travel  as  far  as  meadow  voles  or  montane  voles. 
Therefore,  placing  bait  directly  in  runways  and 
burrow  openings  at  two  to  four  locations  \mder 
infested  trees  is  more  effective  for  this  species. 
Label  instructions  for  hand  bsuting  with  zinc 
phosphide  baits  recommend  placing  one  teeispoon 
of  bait  at  each  spot,  allowing  a  maximum  applica¬ 
tion  of  4.6  kg/ha  (4  pounds  per  acre).  Label  instruc¬ 
tions  for  hand  baiting  with  anticoagulant  baits 
recommend  42  g  (1.5  ounces)  per  placement,  al¬ 
lowing  a  maximum  of  11.2  kglia  (10  pounds  per 
acre).  Placing  a  roofing  shingle,  board,  or  other 
object  over  the  bait  at  each  placement  site  helps  to 
attract  voles  to  the  bait.  Pulling  overhanging  grass 
back  into  place  also  increases  bait  acceptance. 

Frequent  and  unpredictable  rain  and  snowfall 
severely  limit  the  life  span  of  baits  openly  exposed 
on  the  orchard  floor.  Likewise,  snow  and  adverse 
weather  often  preclude  applying  baits  during  win¬ 
ter  when  most  damage  occurs  and  when  voles  are 
most  likely  to  eat  bait  because  of  the  shortage  of 
preferred  foods.  An  effective  method  of  protecting 
bait  from  the  elements  helps  in  controlling  vole 
populations. 

Growers  use  a  variety  of  materials  to  protect 
baits  in  orchards,  including  jars,  metal  cans,  and 
homemade  wooden  bait  stations  (Silver  1924).  Tar 
paper,  wooden  roofing  shakes,  shingles,  split  auto¬ 
mobile  tires,  and  other  objects  placed  over  baits  not 
only  provide  protection  fixjm  rain  and  snow,  but 
also  attract  voles  to  the  bait.  In  areas  of  high  wind 
velocity,  tar  paper  and  other  light  materials  often 
are  secured  with  a  nail.  Unfortunately,  baits  ab¬ 
sorb  moisture  when  placed  directly  on  the  ground 
under  such  protective  covers,  and  generally  do  not 
persist  more  than  2  weeks.  Radvanyi  (1974),  Sid- 
diqi  et  al.  (1984),  and  Tobin  and  Richmond  (1987) 
used  hollow  galvanized  metal  or  PVC  (polyvinyl¬ 
chloride)  tubes  joined  in  the  shape  of  an  inverted 
"T';  bait  was  placed  in  the  vertical  tube,  and  voles 
entered  the  horizontal  tubes  to  consume  bait.  A 
cover  over  the  top  of  the  vertical  tube  protected  the 
bait  from  rain  and  snow.  The  stations  were  con¬ 
structed  tall  enough  to  extend  above  vegetation 
and  snow  accumulations,  and  were  secured  to  the 
trees  to  allow  relocation  and  prevent  disturbance 
by  farm  equipment.  Because  of  the  potential  for 
bait  shyness,  acute  toxicants  were  not  placed  in 
bait  stations  for  extended  periods. 
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Time  of  Application 

Time  of  application  was  foimd  important  in 
achieving  control  with  rodenticides.  Growers  ap¬ 
ply  baits  only  when  they  anticipate  several  days 
of  dry  weather.  Vole  baits  are  most  effective  when 
naturally  occurring  and  preferred  foods  are 
scarce.  Toxic  bait  acceptance  is  diminished  in  the 
presence  of  fresh  green  vegetation,  abimdant  ap¬ 
ple  drops,  and  other  naturally  occurring  foods. 
Regulations  listed  on  the  registration  labels  for 
use  of  registered  toxicants  stipulate  that  baits 
should  be  applied  only  during  the  dormant  season, 
after  harvest,  and  before  bud  burst  the  following 
spring.  Late  fall  is  a  critical  time  to  bait  because 
it  may  be  the  last  opportunity  to  reduce  popula¬ 
tions  before  the  onset  of  winter,  when  snow  cover 
can  preclude  rodenticide  use.  Even  where  con¬ 
trol  is  achieved  in  fall,  voles  often  reinvade  or¬ 
chards  and  cause  substantial  damage  under  the 
protective  cover  snow.  Thus,  growers  monitor 
orchards  for  signs  of  recent  vole  activity  and 
apply  baits  where  necessary.  Evidence  of  reinva¬ 
sion  is  conspicuous  during  snowmelt  because 
trails  are  readily  apparent.  Furthermore,  the 
shortage  of  preferred  foods  at  time  of  snowmelt 
greatly  enhances  the  acceptance  of  rodenticide 
baits  ^itch  1954).  When  winter  survival  is  high, 
signs  of  vole  activity  usually  are  abundant  in 
spring,  and  growers  generally  apply  baits  to  re¬ 
duce  vole  populations  before  onset  of  the  breeding 
season.  Spring  baiting  is  most  effective  if  con¬ 
ducted  before  renewed  growth  of  the  orchard 
ground  vegetation  diminishes  bait  acceptance 
(Tobin,  unpublished  data). 


Trapping 

Traps  occasionally  are  effective  in  reducing  pest 
populations  in  localized  situations,  such  as  smEiU 
orchards  with  sparse  populations.  However,  trap¬ 
ping  is  impractical  in  large  orchards  with  dense 
populations  because  of  costs  of  labor  and  materials. 

Biological  Control 

Biological  control  is  an  appealing,  but  rarely 
effective,  form  of  vertebrate  control.  Numerous 
birds  and  mammals  prey  on  voles,  but  seldom 
reduce  pest  populations  to  the  low  levels  necessary 
for  control  purposes  (Howard  1967).  Most  preda¬ 
tors  have  broad-based  diets  that  allow  them  to 
switch  to  alternative,  more  easily  caught  prey 
when  vole  populations  decline.  Thus,  predators, 
even  when  effective,  usually  leave  residual  pest 
populations  in  orchards.  In  certain  situations, 
predators  may  help  to  delay,  but  not  prevent,  the 
increase  of  rodent  populations  that  already  have 
been  reduced  to  low  levels  (Maher  1967;  Pearson 
1964,  1971;  MacLean  et  al.  1974;  Fitzgerald  1977; 
Newsome  1990). 

An  Integrated  Approach 

Many  factors  influence  fluctuations  of  vole 
popxilations  (Fig.  9).  Implementing  an  effective 
control  program  requires  a  variety  of  strategies  to 
eliminate  or  reduce  factors  that  contribute  to  in¬ 
creases.  Rodenticides  alone  are  rarely  sufficient 
for  long-term  control.  Legal  restrictions  and  un¬ 
predictable  weather  often  preclude  application  of 
rodenticides  until  afte^  pest  populations  have  be- 


Fig.  9.  Factors  that  influence  irruption 
and  decline  of  vole  populations. 
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come  epidemic  and  significant  damage  has  oc* 
curred.  Even  where  toxic  baits  provide  control, 
populations  frequently  build  rapidly.  Thus,  grow¬ 
ers  must  modify  the  orchard  environment  to  re¬ 
duce  the  invasion,  reproduction,  and  survival  of 
voles.  Frequent  and  close  mowing  of  groimd  vege¬ 
tation  during  the  growing  season  and  estab¬ 
lishment  of  a  vegetation-free  zone  under  the 
driplme  of  the  trees  reduces  the  availability  of 
foods  preferred  by  voles,  removes  cover  that  pro¬ 
tects  them  fi^m  predation,  and  exposes  the  ani¬ 
mals  to  the  seasonal  elements.  Where  meadow 
voles  are  the  species  of  concern,  wrapping  1-cm 
(0.6-inch)-mesh  galvanized  hardware  cloth  around 
the  base  of  trees  prevents  girdling.  Fbriodic  inspec¬ 
tion  of  orchards  provides  an  early  warning  of  rein¬ 
vasion  or  repopulation  and  allows  control  meas¬ 
ures  to  be  applied  before  vole  populations  increase 
significantly.  Allowing  voles  to  freely  multiply  in¬ 
creases  the  probability  of  damage  to  trees,  renders 
future  control  more  difficult,  and  can  necessitate 
the  introduction  of  greater  amoimts  of  poisonous 
beat  into  the  environment.  When  vole  populations 
build,  proper  use  of  toxic  baits  is  the  quickest  and 
most  effective  control  method. 
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